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Determination of Duchenne muscular dystrophy
carrier status by single strand conformation
polymorphism analysis of deleted regions of the
dystrophin locus

Robert I Richards, Kathryn Friend

Abstract
The molecular characterisation of the dystro-
phin gene, mutations in which are responsible
for X linked Duchenne and Becker muscular
dystrophies, has led to an array of strategies
for the diagnosis of affected subjects and car-
riers. Initially these were based on blotting
and hybridisation technologies but have
recently been largely superseded by PCR
based techniques which afford greater speed
and sensitivity. We describe the use of single
strand conformation polymorphism to detect
heterozygosity in regions of the dystrophin
locus which are deleted in affected males, to
determine the carrier status of their female
relatives.

Duchenne (and Becker) muscular dystrophy is char-
acterised by mutation of the dystrophin locus at
Xp21.1 These mutations are frequently deletions2
which can be detected in 60 to 70% of affected males
by Southern blot analysis.'2 This technique also
allows determination of carrier status of females in
pedigrees affected by deletion either by dosage dif-
ferences or detection of junction fragments. Pulsed
field gel analysis of females at risk has been used to
determine carrier status by detection of dystrophin
sequences of altered mobility owing to deletion.3
The utility of blotting techniques is however being
rapidly surpassed by polymerase chain reaction
(PCR) based approaches. Chamberlain et a14 have
described a multiplex PCR involving the simultan-
eous amplification of the deletion prone regions of
the dystrophin locus which can detect 37% of
affected males by the absence of PCR products.
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Recently, Beggs et aP have characterised an addi-
tional nine PCRs, again in a single multiplex reac-
tion, which in combination with an extended
Chamberlain et al6 multiplex allows for detection of
almost all males affected by deletion. While this
analysis has dramatically improved the speed and
accuracy of prenatal diagnosis in families where a
deletion has been characterised, the carrier status of
females in these affected pedigrees relies almost
solely on linkage analysis.7 Linkage analysis has also
benefited from PCR with the conversion of some
RFLPs to PCR based assays89 and the characterisa-
tion of AC repeat microsatellite polymorphisms
which flank the dystrophin gene.'1"3 The utility and
accuracy of linkage analysis are affected by the need
for extended pedigree analysis to establish whether
the pedigree represents a new mutation (about one
third of all D/BMD affected males represent new
mutations) and also by the extraordinary size of the
dystrophin gene which sees 12% recombination
between its extremities.'4 Females at risk for carry-
ing a deletion can be shown to be either non-carriers
or gonadal mosaics if they are heterozygous for a
polymorphism within the deleted region. Only one
Southern blot based RFLP marker, P20, is located
in a deletion prone region, enabling determination of
heterozygosity for potential carriers of this deletion.
Carrier status determination by PCR dosage analy-
sis has been problematical because of the non-
linearity of the reaction after about 19 cycles. While
this has been successfully overcome to some extent
by limiting PCR to 20 cycles and the use of sensitive
spectrophotometric densitometry, technical prob-
lems and lack of reproducibility'5 make this ap-
proach unsatisfactory for general use.
A simple and effective means of improving carrier

detection in families with a PCR detectable deletion
would be to identify polymorphisms in the deleted
PCR multiplex band. This would allow heterozy-
gous females to be identified as non-carriers or
possibly gonadal mosaics depending upon their
position in the pedigree. Sequence polymorphism
resulting from nucleotide substitution is far more
frequent than observed by RFLP analysis alone and

Department of Cytogenetics and Molecular Gen-
etics, Adelaide Children's Hospital, North Adelaide,
South Australia 5006, Australia.
R I Richards, K Friend
Correspondence to Dr Richards.

856

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.28.12.856 on 1 D
ecem

ber 1991. D
ow

nloaded from
 

http://jmg.bmj.com/


Determination ofDMD carrier status by SSCP analysis

several techniques have been devised to improve the
detection of this type of polymorphism. The chem-
ical cleavage method of Cotton et al,'6 while effec-
tive, is technically demanding (when considered for
routine diagnosis) and relies on characterisation of
individual mutations. Orita et al'7 have described a
method which relies on the effect of nucleotide
substitutions on the tertiary structure of single
stranded DNA sequences and therefore their mo-
bility in non-denaturing gel electrophoresis. This
procedure has distinct advantages over the chemical
cleavage method in that only simple physical manip-
ulation of the samples is required before electro-
phoresis, and multiple nucleotide substitutions have
the potential to be simultaneously detected as mul-
tiple alleles for the one DNA sequence, thus increas-
ing the likelihood ofheterozygosity. In this paper we
describe the use of single stranded conformation
polymorphisms (SSCP) to assign the carrier status
of females in Duchenne muscular dystrophy pedi-
grees for whom a PCR deletion has been observed.

Materials and methods
Chromosomal DNA from affected family members
was obtained from whole blood by the method of
Wyman and White.'8 Large kindred family DNA
was obtained from the Centre d'Etude de Polymor-
phisme Humain (CEPH), Paris, France.

Multiplex PCR conditions were as described by
Chamberlain et at' except for the addition of 10 iCi
of a-32PdCTP to each 10 gil reaction and the use of
only two pairs of oligonucleotide primers for each of
the multiplex reactions. Chromosomal DNA was
isolated from whole blood from each member of the
affected pedigrees. Products from the PCR were
diluted 100 fold in 0-1% SDS, 10nmmol/l EDTA,
followed by a 1:1 dilution in 95% formamide,
20 mmol/l EDTA, 0 05% bromophenol blue, 0 05%
xylene cyanol. The samples were then heated to
90°C for three minutes and then loaded onto 4-5%
non-denaturing acrylamide gels (49:1 ratio of
acrylamide to bis-acrylamide) measuring
0 4 mm x 20 cm x 38 cm and containing 90 mmol/l
Tris-borate (pH 8-3), 2 mmol/l EDTA, and 10%
glycerol. Electrophoresis was at 600 volts for 20
hours. Gels were dried under vacuum then auto-
radiographed at - 70°C with an intensifying screen.

In the reduced multiplex PCR used for SSCP
analysis band b is the product generated across exon
17 of the dystrophin gene whereas band e is the
product generated across the exon contained in the
0.5 kb HindIII fragment detected with cDNA probe
7. This exon has been designated as exon 45 by
Beggs et al.5

Results
Of 28 unrelated male probands affected by
Duchenne or Becker muscular dystrophy and iden-
tified as having a deletion by multiplex PCR, 16
were deleted for band e. We therefore chose to
concentrate on this region to evaluate SSCP analysis
for carrier detection. While band b was deleted in
only three of the remaining affected males we chose
to use it as an internal positive control in gel electro-
phoresis as it was easily resolved from the band e
products. Simultaneous SSCP analysis of the entire
multiplex PCR gave complex banding patterns
which were difficult to interpret (data not shown).
Simultaneous typing of bands b and e gave simple,
reproducible results (fig 1) which were easy to geno-
type. After denaturation and electrophoresis, the
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Figure I Codominant inheritance of SSCP markers at the
dystrophin locus. This figure shows CEPH pedigree no 17
which was informative for SSCPs of both bands e and b.
Polymorphism of the upper strand of each band is indicated
as either A or B. Genotypes of each subject in the pedigree
are given underneath the autoradiograph. Brackets indicate
inferred genotype.
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two strands of DNA from each band are clearly
resolved. Genotyping of unrelated CEPH and nor-
mal control subjects showed three common alleles at
band e which were distinguished by alteration in the
electrophoretic mobility of either or both of the
single strands (figs 1 and 2). The 'upper' strand
exhibited much greater alteration in mobility for the
B allele than its complementary 'lower' strand when
compared to the more common A allele. For the C
allele a greater shift in mobility was observed in the
lower strand (fig 2B). The molecular basis for this is
not known but probably reflects the different base
composition of the two strands. Since G can pair
with T the conformations that the two strands adopt
are unlikely to be mirror images.
The observed allele frequency for the band e

polymorphism in 52 unrelated X chromosomes was
eA (0-54), eB (0 42), and eC (0-04) with an observed
heterozygosity of 53% in 22 unrelated females.
Mendelian inheritance of the band e polymorphism

was shown by genotyping ofCEPH pedigrees (fig 1).
Co-dominant segregation was observed.
Under the same gel electrophoresis conditions

two alleles were observed for the dystrophin multi-
plex PCR products b (fig 1) and f (data not shown).
In each case these were significantly less informative
than band e. The observed allele frequencies for
band b in 24 unrelated X chromosomes were bA
(0-93) and bB (0-17) with an observed heterozygosity
of 28% in eight unrelated females, while for band f
allele frequencies in 34 unrelated X chromosomes
were fA (0 88) and fB (0412) with an observed
heterozygosity of 21% in 16 unrelated females. No
polymorphism was observed for the other dystro-
phin multiplex PCR products under the electro-
phoretic conditions used.

In order to determine the utility of SSCP analysis
at the dystrophin locus several affected pedigrees
where the proband was deleted for e were geno-
typed. Fig 2A shows that the mother of an affected

I
.I*.0

Do-

Figure 2 DMD affected pedigrees. SSCP analysis of three pedigrees with affected subjects deletedfor band e. Genotypes
are indicated below the respective lanes of the autoradiographs. Band b was included as a positive control for the PCR and
was only polymorphic in pedigree C. Brackets indicate inferred genotype. For pedigree B pairs of bands from each allele of
the e PCR product are bracketed.
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boy deleted for e is heterozygous for the deleted
region and therefore is either not a carrier or is a
gonadal mosaic. The proband's sister is also hetero-
zygous for the deleted region and is therefore not a
carrier and does not need to consider prenatal dia-
gnosis. Fig 2B shows a second pedigree in which
affected boys are deleted for e. In this case, the
female at the head of the pedigree can be clearly
shown to carry the deletion, since she exhibits only
the eB allele while two of her daughters carry only
the eA allele. All three of these women are therefore
hemizygous for this region of the X chromosome
and are therefore carriers of the deletion. While one
of the carrier daughters has passed on the deleted X
chromosome to her two sons, the other carrier
daughter has not passed the deleted X chromosome
to her daughter. Fig 2C shows another pedigree
where the female at the head of the pedigree was
found to carry the deletion. In this case the deleted
X chromosome has been inherited by the proband's
sister who is thereby shown to be a carrier. This
family is also informative for the band b SSCP.

Discussion
We describe the application of SSCP analysis to
carrier detection in pedigrees known to have sub-
jects affected with Becker or Duchenne muscular
dystrophy deleted at the dystrophin locus. We
optimised the conditions for observing this type of
polymorphism at the most commonly deleted re-
gion, corresponding to band e. Polymorphism
observed at band b and f suggests that this approach
will be generally applicable to carrier detection in
informative families. Variation of electrophoretic
conditions'7 should enable additional polymor-
phisms to be observed in other dystrophin PCR
products and further alleles may be detected in
band e.
The polymorphic nature of band e suggests that

it, and perhaps all of the dystrophin multiplex
bands, have the potential for use as polymorphic
markers for linkage analysis in affected pedigrees in
which no deletion can be detected.
The successful application of SSCP markers to

Duchenne/Becker muscular dystrophy carrier de-
tection suggests that they may be an important new
source of markers for diagnosis of genetic disease.
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